Abstract. Master equations in the Lindblad form describe evolution of open quantum systems that are completely positive and simultaneously have a semigroup property. We analyze the possibility to derive this type of master equations from an intrinsically discrete dynamics that is modelled as a sequence of collisions between a given quantum system (a qubit) with particles that form the environment. In order to illustrate our approach we analyze in detail how the process of an exponential decay and the process of decoherence can be derived from a collision-like model in which particular collisions are described by SWAP and controlled-NOT interactions, respectively.
Introduction
The central issue in the study of evolution of open systems is the observed irreversibility of both classical as well as quantum dynamics. Open systems interacting with an environment gradually loose their information content and decohere, which means that after some time their states are to some extent determined by the initial parameters of the environment. Such behaviour cannot be described by unitary transformations and has led to an introduction of a phenomenological dynamical postulate for open systems [1 -3] -the semigroup property of the time evolution E t E t+s = E t E s ∀ t, s ≥ 0 and lim
where E t : S(H) → S(H) is a transformation acting on the set of all possible states S(H) of a given quantum system corresponding to the Hilbert space H. In this case it is possible that pure quantum states evolve into mixtures, and vice versa. The irreversibility is related to the non-existence of the inverse evolution E −1 t . In particular, the inverse map can exist in the mathematical sense, but the resulting map does not describe a valid quantum evolution. The physical maps E t must † Presented at the 36th Symposium on Mathematical Physics, "Open Systems & Quantum Information", Toruń, Poland, June 9-12, 2004. 
where Λ α = Λ † α , TrΛ α = 0, TrΛ α Λ β = δ αβ for α, β = 1, . . . , d 2 − 1 and the coefficients c αβ form a positive matrix. The Hamiltonian H is traceless, i.e. H = α h α Λ α . This differential equation is supplemented by the initial condition t=0 = .
Differentiating the time evolution t = E t [ ] we derive a formal expression for the generator of the dynamics Ġ
This expression in a strict mathematical sense has a meaning only when inverse transformations E −1 t do exist for any time t. For general one-parameter set of completely positive maps E t the generator can be time-dependent, however, if these maps possess the semigroup property, then the generator is independent of time.
Discrete Dynamical Semigroup
The derivation of the particular master equation, which drives the evolution of an open system, is usually based on the idea that the open system is a part of a larger closed system with the underlying unitary dynamics described by Schrödinger equation. However, after tracing out the environment, the induced set of maps E t essentially never fulfills the semigroup property. In order to obtain this feature of dynamics various approximations have to be applied [3, 5] , for instance the BornMarkov approximation, the weak-coupling limit, the mean-field limit, etc. Master equations of the Lindblad form are valid only under specific physical conditions, but still provide us with a very reasonable approximative picture of the exact dynamics of open quantum systems.
In this paper we will present a novel method how to derive master equations. We will consider that the interaction between the system and its environment consists of bipartite collisions. For this we assume that the environment consists of N particles (quantum systems) of the same physical origin as the system under consideration. In our model we assume that the environment is initially "prepared" in a factorized state ξ ⊗N and the system interacts with each particle from the environment at most once. Each collision is described by a unitary transformation U , which induces a map E (see Fig. 1 ). As a result this collision-like model determines a discrete evolution described by powers of the map E, i.e. E n with
